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New method for determination of thymidine Idnase 1 activity and the use thereof 
Technical field 

The present Invention concerns a new method that enables rapid, accurate and specific determination 
of thymidine kinase 1 activity In human or animal body fluids and tissue/cell extracts for routine analysis 
of samples with low levels of activity. The invention further relates to the use of said method for the 
diagnosis, monitoring and prognostics of diseases such as cancer. 

Baclcaround of the Invention 

In clinical practice tumour diagnosis is of an enormous relevance. Some parameters, e.g. the relative 
proportion of S phase cells (i.e. DNA synthesising cells) in tumours - as a mean to measure the prolif- 
eration rate of tumour cells, have been shown to be very valuable for tumour diagnosis, as well as In 
monitoring and prognosis of tumour disease. 

Eariler methods were cl^slcaliy based on incorporation of an isotoplcally labelled DNA precursor, e.g. 
thymidine, 5-lodo-deoxyuridlne. 5-Biomodeoxyuridlne (1). Another relevant metiiod known in the art Is 
the flow cytometric detennlnatlon of the amount of DNA per cell requiring a relative large number of 
ceils and involving a complex procedure and expensive instrumentation. In addition, immunological 
methods for quantification of enzyme/protein markers are used. Said markers comprising Ki67 (l\/IIB)- 
antigen and PCNA (2) - proteins found in S-phase and G2-phase cells but also to some extent in G1- 
phase cells are known to be principally expressed in proliferating cells. Unfoilunately. these antigen 
based methods have a lack of specificity for DNA synthesising cells as wen as a limited application as 
these antigens do not occur in body fluids. 

Thymidine kinase 1 (TK1 . ATP:thymldine S'-phosphotransferase) is a cytoplasmic enzyme that is only 
found in proliferating ceils. TK1 transfers a y-phosphate group from a nucleoside triphosphate to the 5'- 
hydroxyi group of thymidine or deoxyuridine and the resulting products are subsequently phosphory- 
lated to DNA precursors (3-13). TK1 activity starts In late G1 -phase, increases in S-phase coinciding 
' with the Increase in DNA synthesis and disappears during mitosis (4. 1 1 -1 3). The variation in TK1 activ- 
ity is partly due to S-phase regulation of the TK1 promoter as reviewed by Wintersberger (13) but also 
post-translational mechanisms are Important for the level of functional TK1 . 

As the enzyme shows a restrictive expression pattem being expressed during S-phase of a cell c^fde 
(3-4), TK1 has been used as a reliable and sensitive marker for quantifying the number of S-phase cells 
In a sample. The activity of TK1 is a prerequisite for methods based on Incorporation of Isotopes Into 
DNA. 
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TK1 also phosphorylates derivatives of thymidine or deoxyurldine (dUrd). In particular, TK1 can phos- 
phorylate analogs with modifications at the 5'-position of the pyrimidine ring, and the 3'-position of the 
ribose (6-9), e.g. 3 -fluoro-3'-deoxythymidin (Aluvidine), 3 -azldo-3*-deoxythymidine (Zidovudine, AZT, 
an anti-HfV compound) (6-8) and S-substituted dUrd analogs such as 5-fluoro dUrd. 5-bromo dUrd, and 
5-ethyl dUrd. 

Eukaryotic cells also express a second enzyme phosphorylating thymidine and deoxyurldine, i.e. the 
mitochondrial thymidine kinase TK2 (15, 16), which enzyme complicates a method for measuring TK 
activity in S-phase cells. 

TK2 having a role in mitochondrial DNA synthesis (16) differs in amino acid sequence, cellular localiza- 
tion - the protein is transported into mitochondria (15) - and in expression profile from TK1. Also the 
substrate specificity of TK2 differs from that of TK1 , as for example the thymidine analogue AZT is 
phosphorylated by TK2 at significantly lower level than by TK1 (6, 7). A number of dUrd analogues are 
phosphoryiated by TK2 such as 5-lododUrd, but also deoxyc^dine and related analogues (6, 7) are 
phosphorylated. In summary, TK2 plays an essential role for the synthesis of mitochondrial DNA pre- 
cursors and is involved in certain forms of mitochondrial diseases but not in diseases related to cell 
proliferation. 

Serum TK levels have been determined using a commercially available and highly sensitive ^^MUrd 
assay (TK-REA). This assay has a proven role in cancer diagnostics, provide prognostic information for 
relapse free survival as well as over all survival and in some cases aid the choice of therapy (17-24). 
Recently, high TK serum levels have been used to Identify a subgroup of patient haying a high-risk of 
disease progression in chronic lymphocytic leukaemia (18). In a series of studies from France monitor- 
ing a large number of breast cancer patients, it was demonstrated that ^tosolic TK1 levels were the 
best predictive nnarker for progression of said disease (20-24). Although the usefulness of the present 
commercial assay is unquestionable, it has ceriain disadvantages relating to the use of l^^^ i.e. it is time 
consuming and is relatively complex to handle. Secondly, said assay does not differentiate between 
TK1 and TK2 and consequently measures also the TK2 activity in a sample resulting in some cases in 
false positive results. Thirdly, the presence of thymidine phosphatase - which can be found in serum 
samples and which occur at varying levels in tumour diseases (27, 28) - and uridine phosphoryiase may 
lead to false negative results in the TK-REA assay, as these enzymes degrade ^^l-dUrd to deoxyribose 
and base. 

A series of recent publications describe the production and use of antibodies against TK1 (28-35). Un- 
fortunately, immunologically methods based on TK1 levels lack of sensitivity compared to enzyme- 
based assay systems making it unlikely that an immunologic assay can be used to determine the low 
levels of TK1 as found in normal subjects. As a second problem, TK1 -antibodies react with the active 
(native) and inactive (degraded) form of TK1. Furthennore, naturally occurring modifications of TK1 
may alter the reactivity with different TK1 -antibodies. It has been described that TKl can be found in 
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serum in an active stable multimeric form (36), which form probably originates from disrupted proliferat- 
ing tumour cells. It is likely that several epitopes of TK1 are masked within this conformational form 
altering the quality of antibody-based assays. 

One problem concerning the enzyme-based assays presently used is the need for high concentratfons 
(mM) of the phosphate donor ATP in order to get a maximum rate of the reacUon. In addition, said 
methods are relatively complex to hstfidle as reaction products have to be separated from its educts 
v\rtiich sometbnes generates unsatisfactory results (17). 

Therefore, there is a definite need for an enzyme-based method to specifically determine TK1 vwhich 
method should be based on a non-radiometric technique, and should be fast, safe and reproducible. 



Description of the invention 

Surprisingly It has now Ijeen found that a method to determine TK1 activity In a sample may be fast, 
safe and reproducible by using a 3'-derlvatlve of thymidine as a substrate for TK1 and measuring the 
amount of 5'-phosphorylated 3'-derlvative of thymidine which is related to the TK1 activity. 

In a first embodiment of this invention there is provided a method for detennining thymidine kinase 1 
activity in a human or animal body fluid or cell or tissue sample, comprising the steps of reacting said 
sample with a substrate for said thymidine kinase 1 which substrate is a 3'-derivatlve of thymidine in the 
presence of a phosphate donor and a buffer system and determining the amount of S'-phosphorylated 
3'-derivative of thymidine formed said amount being related to said thymidine kinase 1 activity. 

in connection with the invention ttiymldine kinase 1 (TK1 ) refers to the enzyme known as 
ATP:thymldIne 5-phosphotransferase. 

Human or animal body fluid sample in connection with the invention preferably refers to serum and/or 
plasma samples. 

According to this invention, cell sample preferably refers to a cell sample comprising cytosol. 
In accordance to this invention, tissue sample refers to solid tissue biopsies. 

Phosphate donor in connection with this invention refers to a nucleoside triphosphate suitable to trans- 
fer a phosphate group to a substrate. In particular, phosphate donor in connection with this invention 
refers to adenosine triposphate (ATP) or cytidine triphosphate (CTP). whereby ATP is prefen-ed. 
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According to this Invention, buffer system refers to a buffer suitable to carry out a method as disclosed 
herein. Expediently, a buffer comprises at least Dithioerythritol (DTE), ATP, MgCl2 and HEPES or Tris. 
In particular, a buffer comprises 10-100 mM HEPES or Tris with pH ranging from 6.8-8.0, 1-30 mM 
DTE, 0,2-8 mM ATP and MgC^ at a concentration of at least two times the concentration of ATP. Pref- 
erably, a buffer is chosen that does not compete for Mg^* binding with ATP. 

According to this invention, substrate for thymidine kinase 1 (TK1) refers to a 3 -derivative of thymidine. 
In particular it refers to a 3'-deoxy-thymidine derivative of formula I 



in which R is selected from but not limited to the group consisting of tiHz, NiHCOCIHa, SC2H5, OCJHs, 
OBn, N3, NO2, OCOCH3,OS02CH3 and F, 

It is particulariy preferred that a 3'-d6rivative of thymidine is selected from the group of 3'-azIdo-3 - 
deoxythymidine (AZT, INN: Zidovudine) and 3'-Fiuoro-3'deoxythymidine (INN: Alovudine). 

According to this invention, phosphorylated 3'-derivative of thymidine refers to a 5*-phophorylated 3'- 
derivative of thymidine. AZTMP (5'-monophosphate of AZT) is a preferred 5 -phophorylated 3 - 
derivative of thymidine. 

AZT is an important anti-HIV drug serving as a reverse transcriptase Inhibitor. It is reported to be a 
good substrate for TK1 with almost the same relative efTtctency as Thymidine (8, 37). In cells treated 
with AZT, AZT is selectively phosphorylated by TK1 , as TK2 has low capacity to phosphorylate AZT (6, 
7). As the next step in the cascade - catalysed by thymidylate kinase - is very InefRclent (8, 37), the 
product AZTIVIP (5 -monophosphate of AZT) is accumulated. AZT and AZTMP are stable metabolites *- 
In blood serum or in ceil extracts, thymidine phosphatase does not use AZT as a substrate (27). 




R 



Antibodies against AZT and AZTMP have been prepared and used in clinical settings to determine 
levels of these compounds in serum and extracts from tissues and cells (38, 39). {However the use of 
AZT-specific and AZTMP-specific antibodies to determine TK1 activity has not been reported so far. 



* 
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Furthermore. It is not state of the art to use 3'Klerivatives of thymidine, in particuiar AZT. as a substrate 
for serum TK. 

It has now surprisingly been found that 3'-derivaties of thymidine, in particular AZT. are selective, effi- 
cient and stable substrates for serum TK1 . 

In a second embodiment of this Invention there Is provided a method as disclosed before, wherein said 
substrate is a 3'-deoxy-thymldine derivative as shown In formula I. In which R Is selected from but not 
limited to the group consisting of NH2. NHCOCH3. SC2H5. OCaHs. OBn, N3, NO2. OCOCH3.OSO2CH3 
and F. 

Using a method for determining TK1 activity in a human or animal body fluid or cell or tissue sample as 
disclosed herein, 5'-phosphorylated 3'-thymidine derivatives are generated and the amount of said 5'- 
phosphorylated 3'-thymidine derivatives relates to the activity of TK1 In said sample. In the case that a 
sample comprising TK1 Is reacted with AZT In the presence of a phosphate donor and a buffer system. 
AZTMP (^-monophosphate of AZT) Is generated and the amount of AZTiy/IP fbrnned relates to the ac- 
tivity of TK1 In the sample used. The amount of a S'-phosphorylated 3'-thymldlne derivative fbnmed may 
be determined by any suitable metiiod. In particular by an Immunological mefliod using an antibody with 
specificity to said 5'-phosphorylated 3'-thynnldlne derivative. 

In a third embodiment of this invention there is provided a method as disclosed before wherein the 3'- 
derivative of thymidine is AZT and the 5'-phosphoryIated 3'-derivative of thymidine is AZTMP. 

In a forth embodiment. Oils Invention relates to a meUiod for detemilnlng thymidine kinase 1 activity in a 
human or animal body fluid or ceil or tissue sample, which mettiod comprises ttie steps of reacting said 
sample witti a substrate for said ttiymWine kinase 1 which substrate Is a 3'-derivative of thymidine In ttie 
presence of a phosphate donor and a buffer system and determining ttie amount of 5'-phosphorylated 
3'.derivative of ttiymidine - said amount being related to said thymidine kinase 1 activity - by an immu- 
nological meUiod comprising reacting the 5'-phosphorylated S'-derivative of thymidine formed witti at 
least one antibody capable of selectively reacting witii ttie 5'-phosphorylated 3'-derivative of tiiymidine 
to form Imrrtunocomplexes. 

In a variant of said embodiment of ttiis invention, a mettiod for detemnining thymidine kinase 1 activity in 
a human or animal body fluid or cell or tissue sample is claimed, which mettiod comprises ttie st^s of 
reacting said sample wItti a substrate for said tiiymidine kinase 1 which subsbate is AZT in ttia pres- 
ence of a phosphate donor and a buffer system and determining ttie amount of phosphorylated AZT 
(AZTMP) - said amount being proportional to said ttiymldine kinase 1 activity - by an immunological 
mettiod comprising reacting AZTMP witti at least one antibody capable of selectively reacting wltti 
AZTMP to form Immunocomplexes. 
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According to this invention. Immunocomplex refers to an antlgen-antlbody-complex. In particular, it re- 
fers to a complex comprising a 5-phospliorylated 3--derivative of thymidine and its specific antibody. It 
Is particularty preferred that an immunocomplex comprises A2rrMP and an antibody specific for 
AZTMP. 

In context with the present invention, an immunological method refers to an analytical method based on 
immunochemistry. in particular it refers to an antigen-antibody reaction. According to this invention, 
immunological methods comprise but are not limited to immunoassays such as radio immunoassay 
(RIA), enzyme Immunoassay (EIA), enzyme immunoassay combined with solid-phase technique 
(ELISA), Immunofluorescence assay or chemtluminescence assay [The Immunoassay Handbook, Ed- 
ited by David Wild, The Macmillam Press Ltd., ig94]. 

The immunoassay is expediently carried out firstly by exposing the sample to be investigated to an an- 
tibody selective for a 5'-phosphorylated 3'-derivatlve of thymidine, secondly by detecting and thirdly by 
quantifying the amount of antibody binding to the 5'-phosphorylated 3'<lerivative of thymidine. 

In a variant of this aspect of this invention, the Immunoassay is carried out firstly by exposing the sam- 
ple to be investigated to an antibody selective for AZTMP, secondly by detecting and thirdly by quantify- 
ing the amount of antibody binding to AZTMP. 

In this type of assay, detection and quantification may be carried out directly or indirectly in a way 
known in the art using labelled antibodies specific for a 5 -phosphorylated S'-derivative of thymidine, e.g. 
AZTMP, or using non-labelled antibodies specific for a 5 -phosphorylated 3 -derivative of thymidine, e.g. 
AZTMP, in combination with a secondary, labelled antibody specific for the primary antibody. 

Thus, in a variant of this method, said antibody used to determine the amount of 5 -phosphorylated S'- 
derivative of thymidine is labelled. In another variant of this method, said antibody is not labelled and 
detection and quantification is carried out using a labelled, secondary antibody with specificity for the 
primary unlabeled antibody. The handling and procedure of both variants of said immunological method 
is known to a person skilled in the art [The Immunoassay Handbook, Edited by David Wild, The 
Macmillam Press Ltd., 1994]. ...... — . . 

According to this invention, antibodies specific for a 5'-phosphorylated 3'-derivative of thymidine are 
immunogloblns with the ability to recognize and bind to a 5 -phosphorylated 3'-derivative of thymidine. 
Antibodies specific for a 5 -phosphorylated 3'-derivatlve of thymidine are preferably monoclonal or poly- 
clonal antibodies. In particular, polyclonal antibodies specific for a 5 -phosphorylated 3'-derlvative of 
thymidine are preferred. 

According to this invention, antilM)dies specific for AZTMP are proteins with the ability to recognize and 
bind to AZTMP. Antibodies specific for AZTMP are preferably monoclonal or polyclonal antibodies. In 
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particular, polyclonal antibodies specific for AZTMP are preferred. Polyclonal antibodies are known in 
the art or may be prepared according to processes known to the person skilled in the art (for example 
as described herein). It is preferred that said antibodies selectively react with AZTMP. 

According to this invention, detection and quantification of the antigen-antibody complexes is made 
possible by using suitable labels known to a person skilled In the art - radioactive and non-radioactive. 
In particular a label selected from the group consisting of fluorescent dyes, enzymes, e.g. alkaline 
phosphatase or peroxidase, chemiluminescent compounds or radlolabels, e.g. or ^^1. 

In a further embodiment of this invention, there is provided a method for determining TK1 activity in a 
human or animal body fluid or ceil or tissue sample, which method comprises the steps of reacting said 
sample with a substrate for said TK1 which substrate is a 3 -derivative of thymidine In the presence of a 
phosphate donor and a buffer system and determining the amount of 5 -phosphorylated 3'-derivative of 
thymidine by an immunological method using chemlluminescence. 

In a variant of this Invention, the Immunological method Is canied out with the aid of a suitable solid 
phase. According to this Invention, suitable solid phase refers to glass and plastic particles, in particular 
It refers to magnetlsable particles, tubes, wells and microtlter plates. In particular it refers to a custom- 
ary commercial microtlter plate made of polystyrene customarily used for the ELISA technique. 

In a further embodiment of this Invention there is provided a method for determining TK1 activity in a 
human or animal body fluid or cell or tissue sample as disclosed herein, wherein the amount of said 5 - 
< phosphorylated 3 -derivative of thymidine is detemilned by ELISA. 

According to this Invention, ELISA refers to any enzyme linked Immunosorbent assay which Is well 
known to a person skilled In the art. 

In a variant, a method for determining thymidine kinase 1 activity in a human or animal body fluid or cell 
or tissue sample as disclosed herein is particularly preferred, wherein the amount of AZTMP is deter- 
mined by ELISA. 

In another variant of this immunological method, a solid phase is pre-treated with a secondary antibody 
and blocked by using a suitable blocking solution, e.g. gelatine, or a protein solution, saturating 
unspecific binding sites on the solid phase. Subsequently, the solid phase is incubated with an antibody 
solution which antibody has specificity for a 5"-phosphorylated 3'-derivatlve of thymidine, e.g. AZTMP. 

When carrying out the method according to the invention with the aid of the ELISA technique, the anti- 
gen-antibody complexes are preferably detected and quantified via an enzyme-catalysed colour reac- 
tion using an enzyme selected from the group consisting of peroxidase or alkaline phosphatase. In 
particular, peroxidase in combination with TMB (3,3',5.5 -tetramethylbenzidine) is prefen-ed. 
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According to this invention, immunoiogicai assays are carried out In a way that firstly the enzymatic TK 
assay is performed and secondly the product of said assay is transferred to a solid phase coated with 
capturing antibody to perform the detection reaction. In another variant, the enzymatic assay is per- 
formed directly on the solid phase coated with capturing antibodies. 

In a further variant, detection and quantification of the antigen-antibody complexes is carried out by 
chemilumlnescence and magnetic particles. In a given example an AZTMP derivative is coupled to an 
activated isoluminol yielding a product which product generates chemilumlnescence and reacts with 
AZTMP antibody. This product is recognized by the AZTMP antibody as good as AZTMP itself and 
thus can be used as a detector molecule for a chemilumlnescence system. It is loiown to a person 
skilled in the art how to couple antibodies to magnetic particles and how to generate chemilumines- 
cence based on isoluminol. Such a TK assay - wherein magnetic particles are used for separation and 
chemilumlnescence is used for detection - can easily be constnjcted instead of an enzymatic detection 
system in microtiter plates. Such a chemilumlnescence assay Is faster and more sensitive and covers a 
broader measuring range. 

In a TK assay based on enzymatic detection, e.g. horseradish peroxidase, ailcaline phosphatase or 
acetylcholinesterase, the presence of a reducing agent, e.g. DTE. DTT, or p-mercaptoethanol, is a 
requirement for an optimal TK activity reaction. Unfortunately, reducing agents can interfere with detec- 
tion enzymes and thereby strongly reduce the detection signal and/or lead to non-reproducible results. 
A convenient way to overcome this problem is to add hydrogen peroxide to a final concentration of 
0,05-0,25% during the immunodetection step. This will oxidise the interfering reducing agent and also • 
improve robustness in the assay method as it stops the TK reaction. 

In a further embodiment of this invention there is provided a method for determining TK1 activity in a 
human or animal body fluid or cell or tissue sample as disclosed herein, wherein said buffer system 
comprises at least DIthioerythrilol (DTE), ATP, MgClz and HEPES or Tris and provides a pH in the 
range from 5.0 to 9.0. In particular, a pH from 6.5 to 8.0 is preferred. 

In another embodiment of the invention there is provided a method for detemnining TK1 activity In a 
human or animal body fluid or cell or tissue sample as disclosed herein, wherein said buffer system 
contains Uridine monophosphate (UMP) to protect phosphorylated substrates from being degraded by 
phosphatases which may be contained in the sample. Preferably the buffer system contains UMP in a 
concentration of at least 0,01 mM. In particular, a buffer system containing UMP in a concentration of at 
least 0,1 mM is preferred. 

In another embodiment of this invention there is provided a method for determining TK1 activity in a 
human or animal body fluid or cell or tissue sample as disclosed herein, wherein the method is carried 
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out with a substrate concentration is at least 0.4 ^M. In particular, a substrate concentration of 2-500 
nM Is preferred. It is more particularly preferred that a substrate concentration of 20-200 jiM is used in a 
method as disclosed herein. In a variant of this embodiment, an AZT concentration of more than 0,4 
is preferred. In particular, a concentration of 2-500 AZT is preferred. It is more particularly prefenred 
that a concentration of 20-200 AZT is used In said method. 

In another embodiment of this invention there is provided a method for determining TK1 activity in a 
human or animal body fluid or ceil or tissue sample as disclosed herein wherein said phosphate donor 
Is present In a concentration of 0,1-10 mM. In particular, a method for detenmining TK1 activity as dis- 
closed herein is preferred wherein said phosphate donor is present in a concentration of 0,5-5 mM. 

In a further embodiment of this invention there is provided the use of a method for determining TK1 
activity in a human or animal body fluid or cell or tissue sample as disclosed herein for diagnosing of 
diseases involving elevated levels of thymidine kinase 1 activity, it is prefenred, that said method is used 
for diagnosis of cancer or tumours or for monitoring the progression of cancer or tumours. 

According to this invention, tumour or neoplasm refers to tissue composed of ceils that grow in an ab- 
normal way. According to this invention, cancer refers to neoplasm or tumours that are malignant. In 
particular, cancer refers to haematological cancer, gastrointestinal cancer, breast cancer and prostate 
cancer. 

In another embodiment of this invention there is provided a method for determining TK1 activity in a 
hQmah or animal body fluid or cell or tissue sample as disclosed herein to diagnose cancer or tumours 
or to monitor the progression of cancer or tumours selected from the group consisting of haematologi- 
cal cancer, breast cancer, gastrointestinal cancer, or prostate cancer. 

In a further embodiment of this invention there is provided a method for determining TK1 activity in a 
human or animal body fluid or cell or tissue sample as disclosed herein to identify a subgroup of pa- 
tients which are at high risic of disease progression, e.g. Non-Hodgldn's lymphoma and chronic lym- 
phatic leukaemia. 

According to this invention, patients at high risk of disease progression in Non-Hodgkin*s lymphoma 
and chronic lymphocytic leukaemia are those patients identified of having an increased TK1 activity 
level compared to healthy humans analysed by a method as disclosed herein and by using body fluid, 
cell or tissue sample. 

A further embodiment of this invention refers to an in vitro method for diagnosing and/or therapeutic 
monitoring of diseases in human or animal characterized in having elevated levels of TK1 activity which 
in vitro method comprises the steps of obtaining a sample of human or animal body fluid or of a cell or 
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tissue sample, assaying the sample to detemnine the TK1 activity according to a method as disclosed 
herein » and relating the amount of TK1 activity to the clinical status of the human or animal. 

According to this invention, an in vitro method refers to a method for detenmination of a marker, 
whereby the determination is performed on human or animal material derived from human or animal 
body and tests are performed outside of the living organism wherefrom the material is derived. 

According to this invention, diagnosing refers to determination of the nature of a disease or ailment. 

According to this invention, therapeutic monitoring refers to monitoring the efficacy of treatment with 
anticancer agents, in particular it refers to monitoring the efficacy of treatment with anticancer agents by 
measuring the activity or expression of a biological marker such as TK1.. 

According to this invention, assaying refers to a quantitative method whereby the amount of a particular 
ingredient or substance is determined. 

In a further embodiment of this invention there is provided a kit for the in vitro diagnosis and/or thera- 
peutic monitoring of disease in human or animal characterized in having elevated levels of TK1 activity, 
which kit comprises a 3'-derivative of thymidine, a phosphate donor, a buffer, and at least one antibody 
capable of selectively reacting with the 5 -phosphorylated 3 -derivative of tiiymidine. 

In another embodiment of this invention ttiere is provided a kit for the in vitro diagnosis and/or therapeu- 
tic monitoring of disease in human or animal characterized in having elevated levels of TK1 activity, 
which kit comprises a AZT, a phosphate donor, a buffer, and at least one antibody capable of selec- 
tively reacting witti AZTMP. 

According to tills Invention, kit refers to a set or collection of tools, supplies or materials. In particular a 
kit comprises a 3'-derivative of thymidine, e.g. AZT, a buffer comprising a phosphate donor, and at least 
one antibody capable of selectively reacting with a 5-phosphorylated 3'-xIerivative of thymidine, e.g. 
AZTIVIP. It is particularly preferred that kit refers to a set of materials comprising at least one TK calibra- 
tor, at least one TK control, at least one 3'<ierivative of thymidine, e.g. AZT, at least one assay buffer 
comprising a phosphate donor, a stop reagent for TK activity, at least one primary antibody solution. 
Said primary antibody solution comprises antibodies against 5'-phosphorylated 3'-derivative of 
thymidine, e.g. AZTI\4P, and at least one tracer in a buffer comprising pyrimidine ring-labelled 3'- 
derivative of tiiymidine-5'-monophosphate, e.g. pyrimidine ring-labelled AZTMP, or at least one solid 
phase separator, e.g. tubes, microtiter plates or magnetic particles coated with secondary antibody, 
wash fluid, detection substrate or enhancement solution for an enzyme-, fluorescence-, or chemilumi- 
nescence-assay, at least one detection stop solution for an end point ELISA (e.g. an acid TMB stop 
solution), and sample diluent (a buffer for the dilution of patient sample). 
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In a further embodiment of this invention there is provkJed a kit as disclosed before additionally 
Gomprlsing UMP. 

In another embodiment of this invention there Is provided a kit as disclosed herein wherein said re- 
agents are packed together in a container. 

The invention will now further be described in detail with reference to figures 1 -6. 
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Descrtption of figures 

Fig. 1 Structural formulas for the AZT derivatives AZXMP (Fig. la); AZXMP-DSS (Fig. lb) and 

AZXMP*DSS-HRP (Fig. 1c). Structural formula for the activated isoluminol derivate ABEI-HS- 
ONS (Fig. Id). 

Fig. 2 Anti-AZTMP antibody specificity. Dose response curve for the competitive assay, ac- 
cording to example 1, between free AZTMP (left curve, denoted AZTMP) or AZT (right curve, 
denoted AZT) and immobilised hapten, AZXMP (see Fig,1) illustrating the specificity of chicken 
anti-AZTMP antibodies. Y-axis: original absorbance values (B) are normalised against values 
obtained in the absence of competitor (BO) to obtain (B/BO). 

Fig. 3 AZTMP ELISA calibration curve. A competitive AZTMP end point ELiSA assay was performed 
as described in example 4. The mean absorbance at 450 nm is plotted against standard con- 
centrations of AZTMP. The 4PL curve fit fonmula Is given with parameter estimates. 

Fig. 4 AZTMP formed as a function of TK1 activity. TK ELISA assays were performed 

as described in example 6 using different concentrations of the substrate (AZT) in the TK 
reaction. The TK standard used was cytosolic TK1 standard from the Prolifigen® TK REA kit. 
AZTMP standard was run in parallel, during the immuno-detection step, to allow the amount of 
AZTMP generated by the TK to be plotted against the TK activity. One graph is constructed for 
each AZT concentration (15, 20 or 30 |ig/ml). The AZT concentrations refer to the concentra- 
tion in the assay buffer. • . 

Fig. 5 TK ELISA calibration curve. A competitive TK endpoint ELISA assay was performed as 

described in example 6. The mean absorbance at 450 nm (y-axis) is plotted against cytosolic 
TK1 activity In U/L using Prolifigen® TK REA standard U/L values ( x-axis). The 4PL curve fit 
formula is given with parameter estimates. 

Fig, 6 Linear regression analysis of TK ELISA vs. Prolifigen* TK REA. Sera from 48 patients were 

tested in parallel with Prolifigen® TK REA and the TK ELISA assay, described in example 6 and 
7. The linear regression analysis yielded: TK ELISA » 0,9* (TK REA) -i- 8.5 ( n - 48, r = 0,9 ) 
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Abbreviations and notes 



ATP 


Adenosine 5'-triphosphate 


AZT 


3'-Azido-3'-deoxythymidine 


AZTMP 


AZT- 5 -monopnospnaie 


AZXMP 


o» K^\A^ Q» A^rs^fxi i^' mnnnnho«5ohate-'N-1-(5-amino-Dentyt) thymidine. Hapten molecule 




and ligand. 


KLH 


■ ■ ■ « A. I •^.^^m.mmSm Am a#>iti n#onf rvf fho jsinhflnf^msnt of tlie ImmunolOQical 
Keyhole Limpet Hemocyanin. An aojuvani ot wie ennantreincni ui uio 




reaction against the KLH-coupled iigano. 


EIA 


Enzyme Immune Assay diluent: 0,1 M phosphate pH 7.4 coniaining u.io (vi u. i /o 


• - 


Bovine semm albumin and 0,1 % Tnton X 100 


PBST 


10 mM phosphate buffer pH 7.5 + 0.05 % Tween 20 (ELISA wash buffer) 


GA 


Glutaraldehyd. Homobifunctlonel coupling reagent. 


CNBr 


Cyanogen Bromide 


BSA 


Bovine Serum Albumin 


PB 


Phosphate buffer. Concentration relates to [P] 


PBS 


Phosphate Buffer Saline. Concentration relates to [PJ 


ProCinSOO 


Preservative for controlling microorganisms in oioiogiuai rneuica 


HRP 


1 1 B^^i^u dmm%%#i«>i«»oa An An7%imA fnr frhf^ transfer of SH^Oo.tO 2H9O O?. 
Horse Kaolsn peroxioase. mti enzyiiits lui uie uanoid ■zwx'w ^ 




This reaction oxidises i mb inaicaiea oy a cnonyts m o^iuuio. 


TMB 


^ A. -V X *. m 1.1^ jn^^^i^jiMA avMi^aH • mr\rt rorfiir^tinn of H>«Oo bv HRP. The ChanQ6 

3^3*^5^5'-TetraMethylBenzldine. is oxiuizea upon reuuuuuii vii n2^2 • • • ■ w v^imk^w 




in colour upon oxidation is measurea ai waveiengin ^fuu nm. 


DSS 


e% 1 u:««/Kt Kt/<4r/Nvx/Qi i/«HnirYitHo Mt^r^ A Homobifunctlonel couolinQ reagent. Used 

Suberic acid Dis^N^nyoroxyouccinirniue 991017. r\ nwniwMiiviiiwMwuw vwm|.#mi.9 0 




for the coupling of A^CAivir 10 nrcr. 


RPC 


Reversed Phase Chromatography. Liquid-flow cnromatograpny using a poiar muunc? piiwc 




in conjunction with a non-polar stationary phase. 


PEG 


Polyethyleneglyool 


Ph 


Phenyl 


RT 


Room Temperature 


PAGE 


Poly acrylamlde gel electrophoresis 


BIS 


N,N'-Methylene-bls-acrylamide 


DTE 


Dlthioerythritol 


DTT 


Dithiothreitol 
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Exampte 1: Preparation and characterisation of antiserum against AZT-monophosphate 
fAZTMP) 

The preparation of polyclonal goat-antlserum and polyclonal IgY from lien eggs was performed accord- 
ing to a published method used in the preparation of rabbit antiserum (39). An AZTMP derivative, 
AZXIMP (3 -A2ddo-3*-deoxy-5 -monophosphate- ^N-1-<5-amino-pentyl) thymidine) (39) (Fig.la), was 
synthesised. The AZXMP was coupled to the carrier protein KLH (Keyhole Limpet l-iemocyanin) en- 
hancing the immunological reaction against the AZXMP hapten to form an antigenic conjugate KLH- 
AZXIMP. Glutaraldehyd (GA) has been used to mediate coupling of KLIH to AZXIMP. The reaction was 
carried out at e^'C. A 2%-GA solution was added drop wise to AZXIVIP and KLIH and incubated for 24 
hours (h) under agitation. Subsequently the solution was dialysed three times against 0.1 M PBS (Phos- 
phate Buffer Saline) pi-i 7,4 - resulting purified conjugate was frozen down to -80*'C until using the ma- 
terial. 

Hens and goats were immunized with 1,0 mg KLI-t-AZXMP. Goats were boosted in a regular 8-weelc 
cycles. Serum sample were talcen each other weelc. i-iens were boosted in a regular 4-week cycles. 
Eggs were collected continuously. 

in order to stabilize the antibody preparation, hen-antibodies were precipitated by selective precipitation 
using PEG (Poly Etyhlen Glycol). Goat antibodies were affinity purified using AZXMP coupled to a 
CNBR (Cyanogen Bromide)-activated Sepharose Fast Flow column on an AlCTA Explorer 100 system 
(Amersham Biosciences). 

Antibody specificity and titre were evaluated using the competitive assay format described in example 
4. To evaluate non-specific binding the antibody was substituted with diluent. Antibody specificity and 
titre was also evaluated using an assay whereby AZXMP hapten was coated to plates. AZXMP was 
conjugated to BSA using GA as linlcer and subsequently coated to the microtiter plates. In this assay, 
100 ^1 of serially diluted antibody solutions were first incubated with AZXMP coated wells for 1h at RT. 
Wells of microtiter plates were washed three times with PBST (PBS plus 0,05% Tween 20). 100 ^L of 
secondary antibody (diluted l-lorse Radish Peroxidase (HRP)-labelled anti-Goat IgG solution or anti-lgY 
antibody) was added and incubated for 30 min at room temperature. After 3 times washing with 250 ^1 
PBST, bound antibody complexes were detected using TMB as substrate. The induced colour reaction 
was stopped after 5 min using 1 M 1^2804 and detected at 450nm. Negative controls were performed by 
substituting the primary antibodies with diluent. Specificity of the antibodies was checked through the 
addition of increasingly amounts of AZTMP or AZT to the anti-AZTMP antibody solution. Non-5 - 
phosphorylated AZT was not able to compete out AZXMP for antibody binding (Fig.2). The specificity 
of the reaction was also shown by using serum samples taken firom the immunised animals prtor to 
immunisation with AZXMP-KLH. The results indicated that the obtained sera were specific for AZTMP 
and exhibit high avidity characteristics. 
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EXAMPLE 2: Preparation of a stable tracer conjugate of AZXMP coupled to HRP 

AZXMP was coupled to HRP using DSS (Suberic acid bis (N-hydroxySuccinimlde ester)). This includes 
incorporation of an 8-carbon chain linker. Firstly, AZXMP was coupled through Its primary amino group 
to one of the two active esters on the DSS molecule resulting In AZXMP-DSS (Fig lb). In order to ob- 
tain an aequimdar coupling product an excess of 8 moles DSS per mole of AZXMP was used. The 
reaction was performed at 23X In 1:1 diluent with equal parts of 100 mM sodium borate buffer pH 8.8 
and pure acetonitrlle. The coupling reaction was terminated after 30-60 minutes by adding 20 mM so- 
dium dihydrogen phosphate, adjusting pH to 4,6 with 3 M HCi, and Injecting the solution on the separa- 
tion column yielding normally in 60-70% of AZXMP-DSS. Purifications were performed on a C2/C18 
pepRPC reversed phase column (Amersham Biosciences). After adsorption under 20 mM sodium, di- 
hydrogen phosphate pH 4.6 the product was eluted with a 9:1-methanol/water-gradlent. Fractions were 
pooled and the product was Immediately frozen at -78'*C and subsequently lyophilised In order to re- 
move methanol used In the RPC step (Reversed Phase Chromatography). The product was reconsti- 
tuted in 9:1 v/v H20/Acetonitrll and immediately firozen and kept at -SO^'C until used. Concentration and 
purity of the final product was determined by RPC analysis using AZTMP as an internal standard. 
AZXMP-DSS was conjugated to amino groups on HRP resulting In AZXMP-DSS-HRP (Fig. 1c). This 
was done in 50 mM borate buffer at pH 8.8 mixed with phosphate. For a standard reaction 15 moles of 
AZXMP-DSS were added per mole of HRP. The AZXMP-DSS-HRP conjugate was separated from low 
molecular weight material through gel filtration on a Superdex 200 HR 10/30 column (Amersham Bio- 
sciences) and 1 ml fractions collected. Appropriate fractions of AZXMP-DSS-HRP were pooled and 
diluted ten times In 10 mM PBS, 2,5% BSA (Bovine Serum Albumin). 0,1g/L KaFeCNe, 0.1 g/L 
bromophenol blue, 0,5% proclin 300 pH 7.4. » . - 

Evaluation of enzymes and conjugation method 

AZXMP was covalently coupled to AP (Alkaline phosphatase) using succlnlmldyl 4-(N-maleImidomethyl) 
cyclohexane-1-carboxylate (SMCC). 40 ^1 AZXMP (4.75 mg/ml) was mixed with 40|il of 0,2M Borate 
buffer pH 8.5 and 1 1 ^1 SATA (N-succlnimidyl S-acetylthloacetate, Sigma, 15 mg/ml in acetonitrlle). 
After 75 minutes at room temperature deacetylatlon was started by adding 45,5 ^1 0.5M hydroxylamine. 
25 mM EDTA, 50 mM phosphate buffer pH 7.5 and 45,5 ^1 0,1 M phosphate buffer pH 6.65. After addi- 
tional 75 min 13,65 ^1 0,3 M HCI was added to adjust pH of 6.4. The reaction mixture was Injected to a 
pepRPC HR 5/5 column (Pharmacia). Separation was performed with AKTA Explorer system 100 and 
a linear gradient of 0-100 % 9:1 v/v methanol/HaO in 15 column volumes. Fractions were collected and 
the thiolated AZXMP recovered. The thiol content of the product was measured colourimetrically after 
reaction with 5-5 -dithlo-bis-nltrobenzoate (DTNB) (44). After chromatography the methanol was evapo- 
rated and the thiol content was measured again. 

Conjugation of the thiolated AZXMP with the enzyme EZ-link^ malelmlde activated Alkaline Phos- 
phatase was obtained by mixing a 10 molar excess to the enzyme (0,5 mg) In 0,1 M phosphate buffer. 
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2.5 mM EDTA pH 6,9. After over night reaction at 4°C the conjugate was purified by gelfiltration on a 
superdex 200 HR 10/30 column (Amersham Bioscience) and stored at -20^C until use. 
AZXMP was also conjugated to HRP using pre-activated HRP from Pierce (Rockford, USA). 36,5 \i\ 
AZXMP (4.75 mg/ml) was diluted with 0,1 M PBS pH 7,2 to give SOO^il. This solution was us6d to re- 
constitute 1 mg EZ-link*^** Plus activated peroxidase. 10 ^1 0,255 M ascorbic acid was immediately 
added for reduction of the schiff base. After 60 minutes reaction at room temperature 20^1 0,6 M Tris 
pH 9.0 was added to tenminate the reaction. After 20 minutes 500 ^1 of the reaction mixture was loaded 
on a Superdex 200 HR 10/30 gel filtration column. Separation was performed, using an AKTA Explorer 
100 chromatography system complemented witti a frac 900 fraction collector. Fractions containing 
monomeric HRP were collected and diluted 10 times In 10 mM PBS, 2.5% BSA. 0,1g/L ICaFeCNe, 0,1 
g/L bromophenol blue; 0,5% proclln 300 pH 7.4. 

fiZTMP assays were then performed as described In example IV with antibodies described in example 1 
and the AZXMP tracer conjugates compared. For the assay with AP p-nltrophenylphosphate (pNPP) 
was used as the substrate. 



Table 1. Comparison of AZXMP tracer conjugates. 



Tracer conjugate 


detection time 


Cone, of added enzyme 


signal forBO 


AZXMP-AP 

AZXMP-HRP (aldehyde activated) 
AZXMP-HRP (using DSS as a linker) 


30 min 
20 min 
5 min 


600 ng/ml 
2 000 ng/ml 
150 ng/ml 


0.27 AU 
0,5 AU 
2.5 AU 



(BO is the absorbance signal for the zero standard giving the maximum value in competitive assay.) 



The results show that the AZXIVIP-HRP tracer conjugated with the DSS linker method Is superior in 
sensitivity. The use of conjugated HRP is also preferred In comparison with AChE (Acetylcholi- 
nesterase) since HRP allows substantially shorter detection times (10 minutes compared to more than 
30 minutes for AChE). 
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EXAMPLE 3! Serum TK measurement with tritium labelled AZT and correlation to the TK-REA, 

In order to determine If semm TK can use AZT as substrate, an experiment was perfonned with 16 
clinical patient serum samples (20 ^il) mixed wKh 2 jiL 'H-AZT (Cl/mmol Moraveck inc. USA) and 20 jxL 
reaction mixture containing 10 mM TrIs-HCI (pH 7.6), 5 mM ATP. 5 mM IVIgCl2. 3.5 mM NaF. 2 mM 
DTT. The assay was perfonned 4 h at 37«*C and the amount of AZTMP fomned was detennlned by DE 
51 Ion exchange paper method as described (9). Previous experiments had established that this 
amount of serum gave a linear reaction during the time period tested. The results as well as the results 
from the TK-REA assay are shown in Table 6. 



Table 6. Comparison of substrates for serum TK activity 



Sample 


^H-AZT (CPM) 


Proiifigen® TK-REA (U/l) 


1 


726 


2.8 


2 


450 


3.1 


3 


916 


2.5 


4 


2188 


2.9 


5 
6 
7 


1714 


13.8 


1664 


12.3 


1804 


12.6 


8 

9 

10 

11 

12 

13 

14 

15 

16 


2147 


16.2 


9178 


54.1 


11447 


54.6 


4107 


34.2 


6458 


58.1 


12937 


141 


13270 


692 


294322 


1620 


5239 


345 



The results show an overall good correlation between the activity levels measured with AZT and 
^^idUrd in the Proloflgen® TK-REA - the con-elation coefficient for a linear regression was 0,9 with TK 
REA values below 200 U/L - apart from sample 4, 12. 14 and 16, whereby sample 4 resulted in a higher 
activity with AZT than with IdUrd and samples 12, 14 and 16 resulted In lower activities than those 
found with the TK-REA. The reason(s) for these discrepancies are not Icnown but the conditions in the 
two types of assays are quite different. This fact may explain some of the discrepancies but the pres- 
ence of interfering enzymes such TK2, thymidine phosphorylase or viral deoxynucleoside kinases may 
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also be responsible. We concluded from this experiment that serum TK can efflciently use AZT as sub- 
strate. 



EXAMPLE 4: AZTMP ASSAY 

Coating of microUter plates. 

Secondary antibody (either rabbit anti-goat or rabbit anti-chicken or goat anti-chicken antibody) was 
diluted In 0,1 IVI hydrogen carbonate buffer pH 8.5 to 5 mg/L. Nunc C8 microtitre strip well plates were 
incubated with 100 |il of antibody solution over night (17-24 h) at 2-8''C. Plates were washed 3 times 
with 250 ^l PBS. Finally 250 jil EIA (Enz^e Immuno Assay diluent) buffer was added for blocking. 
Plates were stored at 2-8 "C. Before use, the plates were washed 3 times with 250 ^l PBST. 

Assay 

The assay was performed in micro titre plates coated with either an anti IgG antibody or an anti IgY 
antibody. The total reaction volume was 150 ^1 and each component (HRP-DSS-AZXMP tracer, anti- 
AZTMP antibody and AZTMP standard) was added in a volume of 50 |il. A 1 :1000 dilution of the tracer 
was used corresponding to 70 ng HRP/ml. The anti-AZTMP antibody was diluted to 200 ng/ml. The 
Immunoreactions were performed at RT under mild agitation (300-400 rpm) for 2h. After wash 3 times 
vAXh 250 (il PBST 100 ^1 TMB (5,5'-TetraMethylBenzidine). The enzymatic reaction was stopped after 
ten to fifteen minutes by addition of 100 iil TMB stop (Bio Fx, USA) and the resulting absorbance was 
read at 450 nm. 

Figure 3 show a typical standard curve for the AZTMP assay. 

EXAMPLE 5: Interference from reducing agents in the AZTMP assay based on enzvmatic detec* 
tion 

Acetylcholinesterase (AChE) tracer and rabbit anti-AZTMP (rabbit 1290, bleeding # 7 ) was bought from 
SPI-Blo, Saclay France. The AZTMP assay (39) was performed with the modification that micro titre 
plates were coated with 2 |ig/well goat anti-rabbit IgG. AZTMP assays were perfomied in which AZTMP 
standards were diluted in TK assay buffer containing 86 mM HEPES, 31 mM NaOH, 7,8 mM 
MgCl2*6H20, 17 mM KCI, 71 mM Mannitol. 3.9 mM ATP and 6 mM DTE. The results were compared to 
those were AZTMP standard was diluted in EIA buffer. It became obvious that the DTE Interfered with 
the AZTMP assay by lowering the detection signal. 



Zero standard signals for AZTMP Assay. Absorbance at 405 nm 
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Tabte 2. Interference from DTE in the AZTMP assay. 



EIA Buffer 


TK Substrate buffer (DTE excluded) 


TK substrate buffer (DTE included) 


0,42 


0.36 


0.2 



DTE (or a similar) reducing substance that Is essential for the TK reaction had to be eliminated prior to 
the AZTMP assay to give reproducible results. An experiment was perfomied were the Ellman reagent 
(45) was used as indicator to titrate the amount of sodium hypochloride needed to oxidise the DTE 
used in the TK reaction. After reduction of the DTE with sodium hypochloride, the results in the AZTMP 
assay were comparable with those results where the EIA buffer was used to dilute the AZTMP stan- 
dard. The same type of experiment has been performed with AZTMP as described in example 4 based 
on reagents In example 1 and 2 with the same results - namely that the DTE reduces the absorbance 
signal. 

In the case that the AZTMP assay as described In example 4 was modified In the way such that the 
primary antibody was allowed to bind to the secondary antibody first followed by a wash step and finally 
AZXMP tracer conjugate was added In the sample containing AZTMP. then the interference did not 
occur. 

In another experiment the solid phase antibody, primary antibody against AZTMP and the enzyme la- 
belled AZXMP were exposed to DTE treatment. After one hour DTE was removed by dialysis and 
AZTMP assays were performed with or without components exposed separately to DTE. These ex- 
periments showed that in contrast to HRP or acethylcholine esterase the antibodies still worked effec- 
tively after exposure to DTE. - 



EXAMPLE 6: Correlation between TK1 in the sa mple and the amount of AZTMP detected. 
The use of hvdroaen peroxide for enzvmatic detection. 

TK1 standard: lO^HeLa cells/ml were harvested by centrlfugation from the growth medium after tryp- 
sination. The pelleted cells were separated fronri the supernatant and resuspended in PBS. After a sec- 
ond centrlfugation the cells were resuspended in lysis buffer containing 50 mM HEPES, 5 mM DTE, 2 
mM ATP and 2 mM MgCl2*6H20. The cell suspension was subjected to five freeze-thawing cycles at - 
70 *'C and 25**C. respectively. The ruptured cells were centrifuged at 48 OOOg for 1 h at +2**C to pellet 
cellular debris. The supematant containing TK and soluble protein was decanted. To check that no TK2 
material was present, electrophoresis was performed followed by a Proliflgen® TK REA Assay (AB 
Sangtec Medical. Bromma Sweden). A sample comprising 100 mI TK cytosol + 40^1 50% glycerol + 5 |il 
1% Bromophenolblue was placed on a 5% PAGEs with 0.25% BIS (N.N'-Methylene-bis-acrylamide) 
and electrophoresis was perfbnnried In a buffer containing 190 mM Glycin, 200 mM ATP, 25 mM Tris, 1 
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mM MgCl2, 3 mM p-Mercaptoetanol pH 8.6 for 3 hours and 100 V. Electrophoretic results were sliced in 
45 pieces of 1 ,5 mm thickness and mixed with TK REA assay buffer whereby the enzymes were ex- 
tracted. The TK REA assay was run and the radioactivity for each slice calculated and plotted against 
the relative mobility. The material showing no presence of TK2 was diluted in foetal calf serum and 
lyophilised. 

Substrate buffers 

TK assay buffer 86 mM HEPES, 31 mM NaOH, 7,8 mM MgCl2*6H20, 17mM KCI. 71 mM Mannitol. 3,9 
mM ATP and 6 mM DTE. 

Substrate buffers for the TK reaction were prepared by adding AZT to the assay buffer in the following 
concentrations: 1; 5; 15; 20; 25; 30 ^g/ml. 

TK reaction 

A 80 U/i TK1 standard preparation (in heat inactivated fetal calf serum) was diluted In 9 g/l NaCI to give 
further standard levels of 40, 20, 10. 5 and 2,5 U/L, respectively. Sodium chloride was also used as 
zero standard level. TK reactions were perfonmed by adding 50 pi of substrate buffer and with 50 ^1 of 
TK1 standard in non-coated micro wells. The plate was Incubated for 60 minutes at 37 ''C. 

Stop reaction 

After 60 minutes incubation, 50 yi of 0.25% H2O2 was added to each well to react for at least 5 minutes 
at RT resulting in oxidization of DTE and subsequently effectively terminating TK reaction - since the TK 
enzyme is sensitive to an oxidative environment. 

Detection of generated AZTMP 

To detect and quantify generated AZTMP (based on TK1 activity), 50 ^il of the reaction mixture was 
transferred to a plate coated with secondary antibody and mixed with 50 pi anti-AZTMP antibody (200 
ng/ml diluted in EIA buffer) and with 50 |il AZXMP-DSS-HRP tracer conjugate, 300 ng HRP/mi, diluted 
in 10 mM PBS, 2,5% BSA, 0,1g/L KaFeCNe. 0,1 g/L bromophenol blue. 0,5% proclin 300 pH7,4. The 
plate was Incubated for 2h at RT under mild agitation then washed 3 times with 250 |xl PBST. Finally 
100 ^1 of TMB reagent was added and after 10 minutes 100 |il TMB stop (BioFx, USA). The absorb- 
ance was read at 450 nm using a standard plate reader. 

After TK reaction, generated AZTMP (from the TK1 standard) was plotted as a function of the TK con- 
centration. The amount of AZTMP generated was directly proportional to the amount of TK1 present In 
the sample and the turn over rate was dependent on the AZT concentration (Fig 4.). 
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A ^Ical standard curve for the TK ELISA is shown In Figure 5 - using as standard material the stan- 
dard of the TK REA kit In this example a substrate concentration of 50 jig/ml AZT was used In the as- 
say buffer. 

Using the assay described above, the concentration range for hydrogen peroxide was investigated. 
The assay was found to be surprisingly stable in a broad concentration range (final concentration during 
the immuno-reaction step) from 0.015% to 0.25% (and even higher concentrations) hydrogen peroxide. 
Excess hydrogen peroxide increased the signal. Stabilised hydrogen peroxide - an environmentally 
friendly reagent - was stable In this concentration range and thus suitable as a component in a kit. We 
conclude that the use of low concentrattons of hydrogen peroxide Is an excellent way to stop the TK 
reaction and to fecilitate the AZTMP detection using en2ymatlc detection for a TK ELISA. . 

EXAMPLE 7: Evaluating the TK Assay with patient sera 

TK standards were prepared as described in example 6. TK standard (80 U/L in fetal calf serum) was 
diluted with 9 g/l NaCi to 40, 20. 10. 5, and 2.5 U/L. respectively. 9 g/l NaCI was used as a negative 
control. Sera from 48 patients - tested with TK REA - were assayed in parallel with TK REA and In the 
described assay called TK ELISA. 

50 ^1 of sera or standard was added to 50 ^1 of a substrate buffer containing 172 mM HEPES. 62 mM 
NaOH, 15.6 mM IWgCi2*6H20. 34 mM KCI. 142 mM Mannitoi, 7,8 mM ATP, 12 mM DTE and 50 ^ig/ml 
AZT. After 60 minutes reaction at 37*^0 in uncoated micro titre wells, the reaction was stopped with 
0,25% hydrogen peroxide. After five minutes 50 ^il of the solution^ was transferred to a microtiter plate 
coated with rabbit anti goat antibodies together with 50 |il of AZXMP-DSS-HRP tracer and 50 \i\ poly- 
clonal goat antl-AZTMP. After 2 hours incubation with mild agitation the plate was washed 3 times with 
PBST. 100 ^1 TMB was added and the reaction was stopped after ten minutes by adding 100 ^1 TMB 
stop. The tracer diluent was supplemented with 100 mg/L bovine IgG. 100 mg/L rabbit IgG and 0,25 
mgA. goat IgG since this tested fbnmulatlon could suppress a panel of human sera containing hetero- 
phllic antibodies. The results gave a significant correlation between the methods (Fig 6). The TK ELISA 
can be used for serum measurement. 

Next patient sera were screened with TK ELISA and TK REA. Five patient sera were measured signifi- 
cantly higher with TK ELISA than with the TK REA . 
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Table 3 Patient samples showing significant discrepancy between the TK ELISA (nethod and 
Prolofigen® TK REA method. 



Sample 


TKREA(U/L) 


TK ELISA (U/L) 


TK ELISA (No substrate) 


1 


29 


60 


11,8 


2 


6 


More than 80 


1.5 


3 


17 


50 


Not detectable 


4 


5.1 


29 


Not detectable 


5 


7.9 


14,9 


Not detectable 



To Investigate whether values generated with the TK ELISA were generated from TK1 activity or from 
interference in the assay, samples 1-5 were retested. The assay was run with buffer instead of AZT in 
the TK reaction step. After that hydrogen peroxide solution was added the concentrated AZT was 
spiked back into the sample prior to the immuno-detection to give the same conditions as when the 
AZT was included in the TK reaction step. 

The results (TK ELISA (No substrate)) are shown in Table 3. The detection limit for the ELISA is ap- 
proximately 1 U/L. Only sample 1 gave a felse positive signal of 11,8 U/L but a true positive signal of 
48.2 U/l. 

Using a cut off value of 10 U/L, ail five samples were tested positive in the TK ELISA. Only one out of 
five samples were tested positive in the Prolofigen® TK REA. Therefore, the TK ELISA assay clearly 
demonstrated its potential for more valid results. 

EXAMPLE 8: Inclusion of Uridine monophosphate fUMP> to inhibit phosphatase activity, 

A potential problem for the analysis of a kinase activity in patient sera is the presence of phosphatase 
activity in the same sera to drive the reverse reaction (dephosphorylation). One way to inhibit the phos- 
phatase is to include UMP in the substrate buffer to protect AZTIMP from being dephosphorylated to 
AZT. 

Substrate buffers containing 172 mM HEPES, 62 mM NaOH, 62 mlVI MgCl2*6H20, 34 mM KCI. 142 mM 
Mannitol, 7,8 mM ATP, 12 mM DTE, and 25 ^g/ml AZT were prepared - with variable concentrations 
UMP, I.e. 0, 0.1 , 1 or 5 mM UMP. 

A TK1 standard preparation 80 U/L (in heat Inactivated fetal calf serum) was diluted in 9 g/L deionized- 
water, also used as zero standard level, to give further standard levels of 40, 20, 10, 5 and 2,5 U/L, 
respectively. Four human sera were also assayed. Two sera were from healthy blood donors and two 
sera from patients monitored with TK REA. 
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Next the TK reactions were performed by adding 50 ^1 of substrate buffer together with 50 fil of TK1 
standard/or patient serum sample in non-coated mlcrotitre wells. 

The plate was incubated for 60 minutes at 37*^0. Aftenrt^ards 50 ^1 of 0.25 % hydrogen peroxide was 
added to each well and allowed to react for at least 5 minutes at RT. 

For the detection 50 ^l were transferred to a plate which plate was coated with 1 jig/well rabbit anti 
chicken IgY (Sigma, MO, USA). 50 ^1 of chicken anti-AZTMP (diluted 1:1000 in EIA buffer) and 50 jxl of 
AZXMP-DSS-HRP tracer (diluted 1:1000 In 10 mM PBS. 2,5 % BSA. O.lg/L KaFeCNe. 0.1 g/L bromo- 
phenol blue. 0,5% prodln 300 pH7,4) were added. The Immuno reaction was perfonned under mild 
agitation and was stopped after 120 minutes by washing the plate 3 times with 250 \i\ PBST followed by 
additidn of 150 jil TMB (one component) solution. The TMB reaction was stopped with 100 ^1 add TMB 
stop and the absorbance read at 450 nm. 

Table 4. The use of Uridine Mono Phosphate (UMP) to Inhibit phosphatases. 



Absorbance for standards at 450 nm In mllll absorbance units 



Cone. TK U/L 


Cone. UMP mM 


0 


0,1 


1 


5 


80 


130 


132 


138 


135 


40 


190 


194 


190 


188 


20 


292 


297 


295 


264 


10 


426 


451 


432 


422 


5.0 


638 


640 


640 


620 


2,50 


774 


810 


895 


839 


1,25 


949 


933 


1010 


920 


0,00 


1250 


1300 


1230 


1065 



Samples concentration U/L 



Sample 


Cone. UMP mM 


No 


0 


0,1 


1 


5 


1 


1.36 


1,09 


2.69 


2.11 


2 


8.31 


8,39 


7,82 


8.22 


3 


3.21 


3.34 


4,46 


4.90 


4 


3.35 


3.09 


3.58 


3.98 
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The standard curve was not affected by the addition of UMP however two of the tested sera gave sig- 
nificantiy higher TK values after addition of 1 mM UMP. We conclude that Inclusion of 1 mM UMP in the 
substrate buffer, for the TK reaction, might give an extra protection against degradation. 



EXAMPLE 9: Differences between cvtosollc TK and serum TK observed with antibodies, 

A polyclonal anti-TK antibody was evaluated for the measurement of serum TK. The configuration was 
to use the anti.-TK1 antibody as a solid phase capture antibody and then run the enzymatic reaction of 
the immobilized enzyme. The preparation of the antibody Is described elsewhere (32). The antibody 
binds to an epitope located on C-terminal part of the TK1 . Therefore, TK activity was not bloci<ed by 
binding of the antibody to TK. 

Immunosorbent tubes (Greiner.Germany) were coated with 2 ^g antibody/tube in a coating volume of 
200 ^1. Negative control tubes were made at the same time coated with BSA Instead of antibody. A test 
procedure was then performed as follows. 50 |il of standard or sample containing TK1 were incubated 
together with i50\d BSA/PB diluent In an antibody coated tube for 2 hours at SZ^'C. Tubes were 
washed 3 times with 2 ml 9 g/L NaCI and subsequently 200 |il TK REA tracer (containing 5-lodo-(^^l)- 
deoxyuridine as the radioactive substrate) were added and incubated for two hours at ST^'C. After the 
incubation, 300 ^1 water were added to result in a total volume of 500 ^1. The separation and wash pro- 
cedure for the TK REA assay was followed. Briefly the generated 5-lodo-(l-125-)-deoxyuridine mono- 
phosphate was adsorbed to a separator tablet, v\^shed and the radioactivity was measured in a gamma 
counter 

Cytosolic extracts from human beast tumour tissue and sera from individual cancer patients diluted 
1:10 w/v in fetal calf serum were assayed after the procedure as described. A TK1 standard level of 
approximately 360 U/L was also produced as described in example 6 and assayed together with TK 
REA standard of 0, 8 and 80 U/L, respectively. All samples were run in duplicates 



2 
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Table 5. Evaluation of a polyclonal antl-TKI antibody as a capture antibody. 



Sample 


PAbTKI [Bound cpm] 


B/T [%] 


TK REA [U/L] 


StdO U/L 


281 


0,67 


0 


Std 8 U/L 


360 


0,87 


8 


Std 80 U/L 


924 


2.22 


80 


Std high 


2856 


6,86 


360 


Serum 1 


249 


0.6 


5.7 


Serum2 


517 


1.24 


51,7 


SerumS 


1413 


3.39 


1300 


Serum4 


924 


2.22 


1100 


Cytosol 1 


1990 


4,78 


300 


Cytosol 2 


1591 


3.82 


250 



The BSA coated tubes used as negative controls showed no binding for any of the samples. The TK1 
standard material obtained from cytosols gave a good con-elation to TK REA (TK REA values correlated 
against pAbTKI bound cpm). The cytosol samples 1-2 showed an expected "pABTKI" activity In the 
same level as the standards in relation to the TK REA activity whereas the sera showed lower activity 
than expected- The activity measured after the capture was generally rather low In particular for the 
serum samples. When the procedure as described above was used, i.e. use of a TK1 antibody for cap- 
turing, the activity obtained for the serum sample was too low for a sensitive and reliable assay. IMore 
importantly, different results were obtained from serum TK1 and cytosolic TK1. This Illustrated the prob- 
" lem of using antibodies for the quantificatton of TK in semm. The results were not surprisingly since TK 
Is reported to be present in large complexes In serum. 

EXAMPLE 10:Assav format excluding sample transfer 

The TK assay, described in previous examples, was based on the TK reaction In an uncoated micro 
well. This was done to get a better control since DTE present In the TK assay buffer might interfere 
negatively by sulfhydryi exchange. Since the coated antibody could wittistand the condition during the 
TK reaction, a simpler "direcf assay was perfonmed. 50 pJ of patient sample or standard was added 
directly to the micro wells coated with secondary rabbit anti chicken antibody together with 50 ^1 sub- 
strate buffer. The wells were coated as described in example 4 and assay buffer was prepared accord- 
ing to example 4. The TK reaction was allowed to proceed for 60 minutes at 37 **C. Then the micro titre 
plate was placed at room temperature (23 ''C) and 25 ^1 0.50% (w/w) H2O2 were added to terminate the 
TK substrate turn over. After 5 minutes reaction time for the hydrogen peroxide with a mild agitation, 50 
fil of primary antibody solution (IgY anti AZTMP) and 50 \i\ tracer conjugate were added sequentially 
and the plate was Incubated for additional 2 hours at RT. The plate was washed 3 times with 250 ^1 
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PBST. 100 ^1 TMB substrate was added and after fifteen minutes the colour development was termi- 
nated by addition of 100 ^1 TMB stop solution and the absorbance was read at 450 nm. Compositions 
and dilutions for the tracer and primary antibody solution as previously described in example 6 were 
used - with the modification that for the primary antibody solution bovine IgG to a final concentration of 
25 mg/L was added as protection against heterophilic antibodies that could be present in human sera. 

EXAMPLE 11; Assay based on chemllumlnescence and magnetic particles, 

AZXMP was conjugated to Isoluminol using the activated derivate of Isoluminol named ABEI-HS-ONS 
(Fig. Id) provided by Byl<-Sangtec Diagnostica GmbH (Dietzenbach, Germany). Conjugation was ac- 
complished by adding 25 ^1 of 0,64 mg/ml AZXMP in 0,1 M Borate buffer pH 8,8 to 25 ^l ABEI-HS-ONS 
dissolved in acetonitrile. The mole ratio was 1,6 moles of AZXMP per mole ABEI-HS-ONS. The reac- 
tion mixture was thoroughly mixed and then allowed to stand for 60 minutes at 22*^0. Prior to isolation of 
the conjugation product, using RPC (reversed phase chromatography), 500 ^l of chromatographic elu- 
ent (A = 20 mM KH2PO4/HCI pH 2.0) was added and 200 nl of the sample injected on a pepRPC MR 
5/5 column (Amersham Bioscience). A linear gradient of 0-100 % of B {B = 10:1 methanol /water) in 15 
column volumes was generated over the column. 1 ml fractions were collected and the peak corre- 
sponding to the AZXMP-HS-ABEI fraction collected. 

2 mi 13 mM PBS pH 7.5 were added resulting in a pH of 6.5. The preparation was frozen and kept at - 
78 X until used. An aliquot was diluted 10201 times in PBS and the chemllumlnescence generated by 
the compound measured. Measurement was performed on a S300 Luminometer system (Berthold, 
Gemnany) using starter reagents from Byk-Sangtec DlagnosOca GmbH (Dietzenbach, Germany). 100 ^il 
of the diluted sample generated 107000 relative luminescence units. A diluent for the tracer conjugate 
containing 50 mM phosphate buffer, 0.5 % (v/v) BSA . 25 mg/L bovine IgG, 0,09 % sodium azide. 0.02 
% Tween 20, pH 7,5 was prepared. After thawing the AZXMP-HS-ABEI 1 ml was diluted with 100 ml 
diluent to give a working tracer solution # GM-02-072 of approximately 0,12 ^iM. Tracer # GM-02-272 
was diluted serially in two fold dilutions In its tracer diluent. These dilutions were then run as samples in 
an AZTMP ELISA and the results calculated fix)m the fiZJMP standard curve. 
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Table 7. Functionality test of an isolunninol conjugated AZTMP derivate (AZXMP-HS-ABEI). 



Dilution 


obtained AZTMP oonc ng/mi 


Undiluted 


50,4 (out of range) 


1:2 


22,4 


1:4 


10.0 


1:8 


5,0 


1:16 


2.2 


1:32 


1.0 


1:64 


0.44 


1:128 


0.21 



The AZTMP-HS-ABEI Is recognised equally well as AZTMP by the assay. Thus It can be used as an 
effective tracer molecule in a chemlluminescence assay. Secondary antibodies can easily be coated to 
magnetic particles. AZTMP and TK assays using the principles in the previously described exaniples 
can be developed. 

EXAMPLE 12: Clinical determination of TK In cvtosoi/tissue extract 

The TK1 concentration was determined in cytosol/tissue extracts from patients with non-metastatic 
breast cancer. TK analysis might refine the individual prognosis and treatment of breast cancer patients 
as TK is an independent prognostic factor in breast cancer patients receiving adjuvant chemotherapy. 
TK activity was found to increase dramatically in breast cancer relative to normal breast tissue. High TK 
levels are an important risk factor in node-negative breast cancer patients and seem to be associated 
with a beneficial effect of adjuvant treatment. 

Tumour samples were obtained preoperatively and stored on dry Ice. The tissue was pulverized - the 
frozen powder was dissolved in a buffer (10 mM Tris-HCI, 1 .5 mM EDTA, 5 mM Na2Mo04 and 1 mM 
monothiogiycerol, pH 7.4). The homogenate was centrifuged at lOSOOOxg. In order to stabilize the TK 
activity and improve the linearity of dilutions, cytosols were diluted 1 :20 in heat-inactivated normal calf 
serum containing 90 mM HEPES, 18 mM KCI, 6 mM DIthiotreitol, 8 mM MgCIa and 4 mM ATP. The TK 
assay was performed as described in example 6. The TK levels were expressed in mU/mg protein in 
the cytosol. 
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Commerciai utility • 

Serum TK levels have a proven role in cancer diagnostics, provide prognostic infomiation for relapse 
free survival and over all survival and in some cases aid the choice of therapy (17-24). A recent exam- 
ple is the Identification of a subgroup at high risk of disease progression In chronic lymphocytic leukae- 
mia because of high serum TK levels (1 8). In a series of studies from France it was demonstrated that 
cytosollc TK1 levels was the best predictive marker for progression of disease in a large number of 
breast cancer patients (20-24). 

The present method according to the Invention allows the determination of TK1 activity in a sample In 
an advantageous manner. This type of method is fast, simple and very sensitive due to the high effi- 
ciency of TK1 to phosphorylate these selective substrates. The reagents and reaction products are 
stable, non-radioactive and non-hazardous and can be detected in large capacity assay formats. 
The method according to the invention can thus be employed advantageously for diagnosing disease 
conditions associated with altered, in particular elevated levels of TK1 activity. 

A further aspect of the invention thus Is an in vitro method for diagnosing and/or therapeutic monitoring 
of diseases in a human or animal Involving elevated levels of thymidine kinase 1 activity comprising the 
steps of 

a) obtaining a sample of human or animal body fluid or a cell or tissue sample 

b) assaying the sample to determine the thymidine kinase 1 activity according to a method of the 
present invention; and 

c) relating the amount of thymidine kinase 1 activity to the clinical status of the human or animal. 

Diseases in a human or animal involving elevated levels of thymidine kinase 1 activity which may be 
mentioned by example in connection with the invention are cancer such as haematological cancer dis- 
eases, Non-Hodgkin's lymphoma, chronic lymphatic leukaemia, multiple myeloma, myelodysplastic 
syndrome, acute myelitic leukaemia, gastrointestinal cancer, prostate cancer and breast cancer. 

The present invention also relates to kit for the in vitro diagnosis and/or therapeutic monitoring of dis- 
eases in a human or animal involving elevated levels of thymidine kinase 1 activity. Such kit will com- 
prise AZT or a 3' derivative of thymidine. Depending on how the method is canled out, the kit may 
comprise other components. Other components which may be mentioned as examples are antibodies 
specific for the 5'-monophosphate of AZT or the 5'-monophosphate of the 3'-derivatlve of thymidine, 
buffer solutions, washing solutions, reagents which are required for the detection step, microtlter plates 

Preferably all components of the kit are packed together in a container. 
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Patent Claims 

1. ) A method for detennining thymidine kinase 1 activity in a human or animal body fluid or cell or 

tissue sample, comprising the steps of reacting said sample with a substrate for said thymidine 
kinase 1 which substrate is a 3 -derivative of thymidine in the presence of a phosphate donor 
and a buffer system and detemiining the amount of 5'-phosphorylated 3'-derivative of thymidine 
formed, said amount being related to said thymidine kinase 1 activity. 

2. ) A method according to claim 1, wherein a substrate for TK1 is a 3*-deoxy-thymidine derivative 

of formula I 



in which R is selected from but not limited to the group consisting of NH2, NHCOCH3. SC2HS, 
OC2H5, OBn, N3, NO2, OCOCH3,OS02CH3 and F. 

3. ) A method according to claims 1 and 2, wherein the 3'-derivative of thymidine is AZT and the 5- 

phosphorylated 3'-derivative of thymidine is AZTMP. 

4. ) A method according to claims 1 to 3, wherein the amount of said 5 -phosphorylated 3'- 

derivative of thymidine formed is determined by an immunological method comprising reacting 
the 5'-phosphorylated 3*-derivative of thymidine fonmed with at least one antibody capable of 
selectively reacting with the S'-phosphoryiated 3'-derivative of thymidine to form immunocom- 
plexes. 

5. ) A method according to claim 4, wherein the amount of 5'-phosphorylated 3'-^erivative of 

thymidine is determined by an Immunological method using chemiluminescence. 



O 




R 



6.) A method according to claims 4 and 5, wherein the amount of said 5-phosphorylated 3'- 
derivative of thymidine formed is detemiined by enzyme linked immunosorbent assay (ELISA). 
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7. ) A method according to claims 1 to 6 wherein said buffer comprises at least Dithioerythrltol 

(DTE), ATP, MgCIa and HEPES or Tris and provides a pH from 6.5 to 8,0. 

8. ) A method according to claims 1 to 8, wherein Uridine monophosphate (UMP) Is contained in 

said buffer. 

9. ) A method according to claims 1 to 6 wherein said substrate Is present in a concentration of at 

least 0,4 ^M. 

10. ) A method according to claims 1 to 6 wherein said phosphate donor is present In a concentra- 

tion of 0,1 -10 mM. 

1 1 .)Use of a method according to one of the forgoing claims for the diagnosis of diseases involving 
elevated levels of thymidine kinase 1 activity. 

12. )Use according to claim 1 1 for diagnosing cancer or tumours and for monitoring the progression 

of cancer or tumours. 

13. )U8e according to claim 12 wherein cancer Is selected from the group consisting of haemato- 

logical cancer, breast cancer, gastrointestinal cancer and prostate cancer, 

14. ) Use according to claim 1 1 for the identification of a subgroup of patients at high risk of disease 

progression in Non-Hodgkin's lymphoma and chronic lymphocytic leukaemia. 

15. ) An in vitro method for diagnosing and/or therapeutic monitoring of diseases in a human or ani- 

mal characterised in having elevated levels of thymidine kinase 1 activity comprising the steps 
of a) obtaining a sample of human or animal body fluid or a cell or tissue sample; b) assaying 
the sample to determine the thymidine kinase 1 activity according to a method of claims 1 to 
10; and c) relating the amount of thymidine kinase 1 activity to the clinical status of the human 
or animal. 

16. ) A kit for the in vitro diagnosis and/or therapeutic monitoring of diseases In a human or animal 

characterised in having elevated levels of thymidine kinase 1 activity comprising a) a 3 - 
derivative of thymidine; b) a phosphate donon c) a buffer, and d) at least one. antibody capable 
of selectively reacting with the 5'-phopshorylated 3'-derlvatlve of thymidine. 

17. )A kit according to claim 16, wherein the 3'-derivatlve of thymidine Is AZT and wherein the 5'- 

phopshorylated 3*-derlvative of thymidine is AZTIWP. 

18. ) A kit according to claims 16 and 17 additionally comprising UMP. 
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19.) A kit according to claim 16 to 18. wherein the reagents are packed together in a container. 
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36 EPO- Munich 

-36- 

2 7. Juli 2002 

Abstract 

The present Invention concerns a new method that enables safe, rapid, accurate and specific determi- 
nation of tliymidine Icinase 1 activity in human or animal body fluids and tissue/cell extracts for routine 
analysis of samples with low levels of activity by using A2T or 3' derivatives of thymidine as substrate 
and determining the phosphorylated products formed In the reaction with thymidine kinase 1 activity. 
The invention further relates to the use of said method for the diagnosis, monitoring and prognostics of 
diseases such as cancer. 
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Fig. 1c 



HRP\ 

H 



1 X 

N^(CH,)r^N 




V-o- 

OH Na* "^3 



Fig. Id 





0-1 , , , , , , , . 

0 0.001 0.01 0.1 1 10 100 1000 10000 

AZT or AZTMP concentration ( mtorograml ml ) 

Fig. 2 



1,9 



1 1.4 

< 



0.9 



































S • 1 
• • ! 




















































• • < 

■ • i 










LJ 










































< • • 

is* 

* • 

' ■ • 




















































• s 

• • 

> • • 





















0,1 1 10 100 

AZT-5*-rn}nophosphate ( ng/rrl ) 

y =((A-D)/(H-{x/C)'^B)) + D: A B C D B^2 

o Std (Standards: Concentration vs MeanValue) 2,153 0,786 4,523 0,21 1 



Fig. 3 
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Fig. 6 
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